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PLATES LVII-LX. 
Many attempts have been made to grow upon an artificial medium 
the  acid-fast  bacilli  that  are  associated  with  the  lesions  of  human 
leprosy,  and  not  a  few  observers  report  success.  However,  con- 
firmation  is  lacking  and  it  may  be  said  that  multiplication  of  the 
leprosy bacillus  in vitro  up to the  past  year has  failed.  Occasion- 
ally an increase in the number of bacilli has been noted, at least  for 
a  period,  in removed bits of the infected leprous tissue which  have 
been transferred  to an artificial medium,  but growth in sub-cultures 
from these has invariably resulted negatively.  The transference  of 
parts of tissue along with the bacilli in all likelihood explains many 
of the recorded successes with the artificial cultivation  of the leprosy 
bacillus. 
The  most  important  work  on  the  cultivation  of  B.  leprce  is  by 
Clegg  2  who  announced  his  success  in  the  early  part  of  last  year. 
This  author  claims  to  have  grown  an  acid-fast  bacillus  from  the 
human  leprous  tissues  with  ameba  and  their  symbiotic  bacteria. 
Not only did he succeed in  obtaining  an  initial  growth  but  he  was 
able to keep the bacilli multiplying in sub-cultures. 
Of  equal  importance  is  the  recent  work  of  Sugai, 3  who,  in  a 
series  of  experiments  with  the  Japanese  dancing  mouse,  demon- 
strated that the leprosy bacilli not only multiply at the site of inocu- 
lation  but become disseminated  throughout  the animal's  body, pro- 
1Read  before  the  American  Society  of  Pathologists  and  Bacteriologists, 
Washington,  May  4,  I9IO.  Received  for  publication  June  I,  I9m. 
2  Philippine  Jour.  of Science,  19o9, iv, 403. 
a  Lepra,  19o9, viii, 203. 
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ducing  histologically  the  typical  leprous  lesion.  The  successful 
transmissibility of leprosy to this species of mouse affords an excel- 
lent  opportunity  to  determine  whether  or  not  the  acid-fast  organ- 
isms  cultivated  upon  an  artificial  medium  are  in  reality  leprosy 
bacilli. 
In  October,  I9o  9,  I  began  some  experiments  upon  the  artificial 
cultivation  of  the  leprosy  bacilli  from  human  tissue.  My  object 
at first was to confirm if possible the work of others,  and to attempt 
further  to  grow  the  bacilli  directly  from  the  tissues  without  the 
aid of symbiotic organisms,  and  to prove by animal  inoculation the 
identity  of the culture. 
The leprous material was obtained  from cases at the  State Leper 
Home, located about sixty miles  from New Orleans,  at which insti- 
tution  every  facility  was  afforded  me  in  carrying  out  the  experi- 
ments.  There  are about seventy-five inmates  at the Home, among 
whom are  found all types and  stages of the  disease.  Sister  Bene- 
dicta  and  her  staff,  who  are  in  charge  of  the  Leper  Home,  did 
much  to  facilitate  the  work,  and  I  take  pleasure  in  expressing  to 
them my appreciation of their interest and co6peration. 
The  leprous  tissue  for  the  cultivation  experiments  was  selected 
from  four  different  cases:  namely,  (I)leprous  nodule  from  the 
dorsal  surface of the  hand  in  a  well-advanced  case of tuberculous 
leprosy;  (2)  pus  from a  subcutaneous leprous abscess of the  fore- 
arm in a typical case of leprous fever;  (3)  the organs  (spleen, liver 
and ear)  removed at autopsy from a  fatal case of leprosy; and  (4) 
leprosy nodules  from the  forearm  of an early case of leprosy.  In 
each  instance  every  care  was  observed  to  remove  the  material 
aseptically;  the  skin  surface  was prepared  in  the  usual  manner  as 
for surgical operation and the tissue excised with sterile instruments. 
In  each  case the excision of the  "nodules"  gave rise to  little  or 
no pain, owing to the extreme anesthetic condition of the skin.  The 
removed masses were then  seared  in the  free  flame to destroy any 
possible surface contaminating  bacteria,  after  which  they were in- 
cised and  the  central  part  carefully macerated  with  a  sharp  sterile 
eurette,  and  the  tissue juice  suspended  in  sterile  normal  salt  solu- 
tion.  From these suspensions the various culture media were inocu- 
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The smear preparations stained in carbol-fuchsin and treated with 
Gabbot's  solution  always  showed  innumerable  acid-fast  bacilli  ar- 
ranged  for  the  most  part  in  small  clumps  and  corresponding  in 
morphology  to  B.  lepra~.  It  is  noteworthy  that  the  clumps  of 
bacilli  even after prolonged  maceration  of  the  tissues  in  a  mortar 
remained  more or less intact.  In the sections which  were fixed in 
Zenker's  fluid and  stained  after the methods used  for the detection 
of acid-fast  bacilli  in  the  tissues,  the  organisms,  with  few  excep- 
tions,  occurred  in definite clusters and  within  the  cells.  A  further 
microscopic study revealed these bacillary clumps almost invariably 
associated with cells, whose size and preservation seemed to depend 
upon  the  number  of  their  enclosed  bacilli,  which  bears  out  the 
opinion held by Hansen that leprosy bacilli are originally ensconsed 
in  the  cells  and  only appear  in  the  tissue  spaces  when  the  normal 
relations  are  disturbed.  Some of the  cells contained  only a  dozen 
or  fewer  rods,  and  in  these  the  outline  of the  cell  and  its  nucleus 
was  readily  discernible.  Usually,  however,  the  bacillary  masses 
were  larger,  consisting  of  twenty  or  more  bacilli,  arranged  in  a 
curious  manner  within  the  cell,  and  more  often  than  otherwise 
within  the  nucleus.  The  characteristic  grouping  of  the  bacilli  in 
bundles  like  packets  of  cigarettes  was  observed,  but  the  usual  ar- 
rangement  was in the  form of concentric  rows.  Even in  the cells 
that  contained  the  smaller  clumps,  this  concentric  massing  of  the 
rods was remarkable.  It may be mentioned in this connection that 
as the  leprosy bacilli  occur so rarely  outside the  host-cell  it  is  rea- 
sonable to believe that the latter  furnish  the essential nutriment  for 
the  bacilli,  perhaps  a  nuclear  ferment  or  globulin.  This  special 
affinity of the bacilli  for certain cells led me to prepare  an artificial 
medium composed in part at least of substances which are the result 
of cell  metabolism  and  the  end  products  of proteid  digestion. 
Whether  the  leprosy bacilli  invade  the  cells and,  through  purely 
mechanical  irritation  or  stimulation,  the  result  of  toxin,  cause  in 
turn  division, which owing to the abnormal  condition thus  brought 
about  is  imperfect  in  character,  giving  rise  merely  to  repeated 
division  of  the  nucleus  without  division  of  the  protoplasm,  or 
whether  the  cells  are  in  nature  true  phagocytes  that  have  en- 
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further study.  The former conception seems more likely to be the 
explanation,  as  all  sizes  and  stages  of preservation of these  acid- 
fast bacilli-carrying cells can be followed in the early leprous lesion. 
That  the bacilli  continue to  multiply in  the  cells,  there  can be  no 
question and this  is  further proof in support of such a  contention. 
Experimental work along this  line  is  already in  progress  with the 
Japanese dancing mouse, which animal offers exceptional material 
to study the early cell changes. 
The emulsified leprous material used  for the inoculation of cul- 
ture media contained few if any scattered bacilli; almost invariably 
they were transplanted  in  small clumps because of the inability to 
break them up, a feature which, as I shall presently point out, greatly 
aided the subsequent study to determine whether or not the trans- 
planted leprosy bacilli are those that have actually multiplied. 
The material employed in another series of experiments was ob- 
tained from a  subcutaneous abscess in a  case of so-called "leprosy 
fever."  A  word here on this  case  is  of  interest,  as  it  illustrates 
that the leprosy bacillus may occasionally play a pyogenic r61e.  The 
patient at the time had a  temperature ranging from  Io2°-IO4 °  F., 
due apparently to the absorption of toxin from the large fluctuating 
tumors that occurred under the skin in various parts  of the body. 
These subcutaneous abscesses were situated chiefly on the arms and 
face, and on opening discharged a thick yellowish white material in 
every  way  identical  to  ordinary  pyogenic  pus.  On  microscopic 
examination the pus consisted almost entirely of polymorphonuclear 
leucocytes together  with  small  clusters  of  intra-cellular  acid-fast 
bacilli  (the  so-called globi).  The  condition  of the patient  at  the 
time  was  regarded  as  a  secondary pyogenic  infection,  but  subse- 
quent  bacteriological  examination did  not  bear  out  the  diagnosis. 
Repeated  search  through  the  smears  prepared  and  stained  in  a 
variety of ways  failed to  show  any bacteria other than the  small 
"beaded"  acid-proof  rods  which  were  present  in  innumerable 
masses.  Besides, the material transplanted upon a variety of media 
remained negative with respect to growth after three or four weeks 
incubation. 
At  autopsy,  tissue  cultivation  of B.  leprce was  attempted  from 
the  scrapings  of  the  excised lobe  of the  ear and  from macerated Charles  W. Duval.  653 
portions  of the spleen and  liver.  Though  separate  sets of cultures 
were prepared  from  each,  growth  of an  acid-fast  bacillus  resulted 
only from the ear nodules.  Here the bacilli were extremely numer- 
ous as compared to the number in the spleen and liver, which might, 
in a  way, account  for the  failure  to obtain growth  from the latter. 
As Clegg points out, and  it has also been my experience, by far the 
greater  number  of  leprosy bacilli  transplanted  fail  to  multiply  (a 
not infrequent occurrence with many of our better known bacteria) ; 
this observation shows the necessity of carrying over in subculturing 
large numbers  in order to insure growth. 
A  great  variety  of  media  was  employed  in  the  initial  attempt 
to cultivate  the  leprosy bacillus  from  the  human  tissue,  and  dupli- 
cate series of each  were placed under afirobic and  anafirobic condi- 
tions at temperatures 37 ° C., 320 C. and 20 ° C. respectively.  Suffice 
it  to  mention  in  detail  only  the  media  upon  which  multiplication 
of the bacilli  resulted. 
The  sloped  surface  of  plain  water  agar  I  per  cent.  alkaline  to 
phenolthalin  was first seeded with  a  mixture  of entameba  coli and 
B.  typhosus and kept at room temperature  for  forty-eight hours  to 
allow  the  ameba  to  increase  in  number.  The  tubes  were  then 
inoculated with several loopfuls of the emulsion prepared  from the 
leprous  tissues.  Similarly,  agar  slopes  were  prepared  after  the 
method of Musgrave and  Clegg  for the cultivation  of ameba,  and 
later they were seeded with  a  portion of the  suspension of leprosy 
bacilli;  also separate  tubes of nutrient  agar  to  which  was  added  I 
per cent.  human defibrinated blood and  seeded with a  pure growth 
of B. influenza and the meningococcus were used.  Again  cultures 
of B.  coli,  typhosus  and  dys'enterice  and  other  intestinal  bacteria 
were  employed  separately  and  in  association  upon  a  variety  of 
media.  Multiplication  of an  acid-fast  bacillus  occurred  in  all  the 
mixtures  that  contained  ameba  and  also  upon  the  media  seeded 
with  influenza  bacilli and  meningococci. 
With regard to the ameba cultures it did not seem to matter what 
nutrient was used, as growth resulted in every instance and attained 
macroscopic colony-form after a  longer  or shorter  period;  nor did 
the reaction of the medium appear to make any material  difference. 
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kept at 32 °  to 35 ° C. gave rise to growth that could be distinguished 
by the naked eye.  "With certain  of the successful initial  cultures it 
was  a  question,  in  my mind,  whether  the  media  was  in  any  way 
responsible.  The  fact  that  the  bacilli  increased  in  number  upon 
various media inclined one at first to attribute the result to the bits 
of  leprous  tissue  unavoidably  carried  over  with  the  bacilli.  Cer- 
tainly this accounted for growth on the media seeded with influenza 
bacilli and meningococci, as afterwards verified by the failure to get 
subplants  to  nmltiply. 
It  was  noteworthy  with  the  ameba  cultures  that  growth  of  the 
bacilli  continued  for months  without  reseeding with  ameba,  which 
would seem to argue that multiplication  did not depend solely upon 
the  active  ameba  or  upon  any  substance  elaborated  by  them,  for 
under the circumstances it is natural  to suppose that even where an 
abundance  of by-product is present,  it would be used up sooner or 
later and the bacilli would of necessity cease further  to multiply. 
Cultivation  was  next  attempted  with  ameba  alone,  which  was 
accomplished  by  treating  a  heavy  suspension  of  ameba  that  had 
been grown in conjunction  with the  typhoid bacillus  with  a  strong 
bacteriolytic typhoid  serum  whereby the  typhoid bacilli  were com- 
pletely  killed  off,  as  was  subsequently  shown  by the  control  tests. 
Sloped agar was then heavily coated with pure ameba and inoculated 
with leprosy bacilli.  By this procedure it was possible to determine 
whether  the  growth  of  B.  leprw  depended  upon  the  active  or  in- 
active ameba.  It had  been previously determined  that  the  leprosy 
bacilli  would not  multiply  in  the  presence  alone  of typhoid  organ- 
isms  or their  autolized  product,  but that  they would multiply  in  a 
mixture  of  ameba  and  typhoid  bacilli  and  continue  to  do  so  for 
months  after  the  ameba  had  become  encysted;  this  observation 
showed  conclusively  that  the  protozoa  alone  were  responsible  for 
the growth  in this  particular  instance,  and that  the encysted  forms 
answered the purpose equally as well as the active vegetative types. 
Having determined  that  the leprosy bacillus would live and  con- 
tinue to multiply indefinitely outside the animal body in the presence 
of  ameba  alone,  it  was  next  attempted  to  cultivate  them  upon  a 
medium without living organisms.  Since the leprosy bacilli appear 
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and  feeding upon substances utilized  by them  or upon products  of 
cell metabolism,  it was thought  that  a  medium  simulating  the  con- 
ditions enjoyed by the bacillus under its natural  environment  would 
result  favorably in artificial  growth,  provided  the  proper  tempera- 
ture  and  moisture  were  maintained.  Based  on  this  hypothesis,  a 
medium  was  prepared  and  compounded  of  substances  such  as 
tryptophane,  cystein,  leucein,  etc.,  with  the  view  of  supplying  an 
artificial  food  analogous  to  that  met  with  in  the  tissues.  It  was 
further  thought  that  if  these  substances  in  varying  combinations 
could be used in the presence of some medium where excessive oxi- 
dation takes place, that the condition in vitro would be all the more 
enhanced.  Consequently the banana  was selected  for the  purpose. 
The  medium  was  prepared  as  follows:  The  rind  was  carefully 
removed  from  the  fruit  portion  of  fully  matured  green  bananas, 
every  precaution  to  avoid  contamination  being  used,  and  large 
blocks of the  fruit,  after  slanting  one  surface  with  a  sharp  knife, 
were  introduced  into  suftable  sterile  glass  cylinders  provided  at 
the  bottom  with  cotton  plugs  saturated  in  sterile  distilled  water. 
These  plugs  served  not  only  as  support  for  the  banana  but  as  a 
source of constant supply of moisture.  Sterile I per cent. solutions ~ 
of tryptophane,  cystein  (made from protein)  and leucein were next 
prepared and a portion of each poured upon and allowed to saturate 
the  banana.  These  solutions  were used  separately and  in varying 
combinations,  in order to determine upon which the B. leprce would 
grow  best  or  grow  at  all.  Also  ten  cubic centimeters  of  a  2  per 
cent. nutrient agar of a  titer  I. 5 per cent. alkaline to phenolphthalin 
was  melted  down and  five cubic centimeters  of a  2  per cent.  solu- 
tion  of  the  above  mentioned  substances  were  added,  thoroughly 
mixed and  solidified in the slanted  position. 
Both the banana  and  agar,  which  was saturated  in a  I  per cent. 
solution  of  cystein,  proved  an  excellent  medium  for  the  artificial 
cultivation  of the  leprosy bacilli  when  incubated  at  320  to  35 °  C. 
The maximum growth occurred at a  temperature  of 320  C.  Light 
seems  to  favor  the  growth  of  B.  leprce;  cultures  kept  in  a  glass 
incubator  regulated  at 320  C.  grew more  rapidly than  those in the 
4To  procure  these  substances  bacteria-free,  the  solutions  are  passed  through 
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dark chamber under similar conditions.  Multiplication began early 
in  the  transplants  and  visible  growth  developed  in  the  form  of 
small glistening white colonies in from four to six weeks.  Growth 
also occurred upon the banana and agar where a solution of cystein 
and tryptophane had been added.  The  fact that  growth occurred 
on the protein-cystein medium, and not upon the others except in the 
presence of it, shows very conclusively that B. lepr6e utilize the end 
products of digestion and not the products of cell metabolism.  At 
least it  is  reasonable to assume that this  is  the case,  if  deductions 
may be drawn from these experiments. 
Multiplication  in  vitro  of  an  acid-fast  organism  was  obtained 
from the transplanted leprosy tissue on the above mentioned media 
from four cases of leprosy which corresponded in  every essential 
to the leprosy bacillus.  Not only did the leprosy bacilli develop in 
the  original  cultures  but  they  continued  to  grow  in  subcultures. 
That the artificial growth is B.  leprce there can be no doubt,  as the 
morphological  and  cultural  features  and  the  animal  tests  have 
clearly proved. 
CULTURAL FEATURES. 
Colonization  of  the  leprosy  bacillus  occurs  on  the  surface  of 
special medium after four to six weeks incubation at 320  C.  in the 
form  of  moist  semi-translucent  greyish  white  colonies;  prior  to 
this period growth can only be detected on microscopic examination. 
The  colonies  are  distinctive  in  their  macroscopic appearance  and 
unlike those of any known acid-fast organism.  At first they ap- 
pear to the naked eye as glistening white specks  and these slowly 
increase in extent until they attain a  size two millimeters in diam- 
eter.  The colonies are often heaped up in the center, which causes 
them to be elevated above the surface of the medium; at no period 
are  they  flattened,  though  the  periphery  thins  out  imperceptibly. 
They  show,  however,  an  irregular  wavy  margin  on  microscopic 
examination.  The colonies are not easily broken up;  on the con- 
trary, it is with greatest difficulty that they are divided, though they 
can be readily removed from the surface of the medium en masse. 
Even  when  growing  with  ameba  and  their  symbiotics,  they  are 
easily distinguished  from the associated colonies of other bacteria, 
owing to their glistening greyish white appearance. Charles  W. Duval.  657 
With the initial culture obtained  from the leprous nodule where 
innumerable  microscopic  bacillary  masses  were  transferred,  only 
a  few developed into colonies that could be recognized by the naked 
eye, and these occurred sparsely distributed over the surface of the 
medium,  and  not  all  of  them  continued,to  full  development.  It 
is  noteworthy  that  even  on  microscopic  examination  of  stained 
smears  prepared  from  parts  of  the  medium  where  there  was  no 
apparent  visible  growth  many  of  the  transplanted  globi  had  in- 
creased  in  size.  Instead  of  the  original  bacillary  clumps  of  a 
dozen  or  more  rods  they now  presented  larger  masses,  irregular 
and  wavy in  outline,  and  composed of  innumerable bacilli  (Plate 
LVIII,  Fig.  4).  In  the  majority of  the  cultures,  the  concentric 
arrangement of the bacilli,  so common in  the tissues,  had  entirely 
disappeared, the organisms now assuming thick mattress-like collec- 
tions  so  dense  at  the  centers  that  the  individual  bacilli  could  not 
be differentiated.  There are still to be seen, however, in the micro- 
scopic  field,  clusters  of bacilli  of  the  original  size  and  concentric 
arrangement, which are apparently dead and give no evidence that 
multiplication  had  begun  (Plate  LVIII,  Fig.  3).  The  unaltered 
appearance  of  these  clusters  made  the  recognition  of  growth  in 
others all the more easy, as they served for comparison.  In none 
of the cultures was there visible growth before the fourth week, al- 
though an increase in number of bacilli was  noted on microscopic 
examination in  twelve to  fifteen days  after  inoculation,  as  deter- 
mined by the increase in size of the globi, and change in morphology 
of the newly formed bacilli. 
It is surprising on what a  variety of media the leprosy bacilli  in 
the initial plants continue to multiply, especially in the presence of 
light  and  where a  moist  temperature  is  maintained.  As  already 
mentioned,  this  is  accounted  for  in  the  fact  that  the  bacilli  find 
food in the tissues  that  are unavoidably carried over in the trans- 
ference.  All  the successful cultivations  occurred in  a  moist  tem- 
perature ranging between 32 °  and  35 °  C.  In my experience the 
temperature and light is most important, more so perhaps than any 
other  factor for the success in  the  cultivation of B.  leprce  outside 
the animal body.  The organism at best grows slowly, much more 
so  than  the  tubercle bacillus.  It  is  essential  to  keep the medium 658  Cultivatio~t of  the  Leprosy  Bacillus. 
from  drying  out  during  the  long  period  of  growth,  and  this  is 
accomplished  by  placing  the  inoculated  medium  in  a  recumbent 
position  in a  moist chamber.  The  culture  should  not be sealed  in 
any way, as oxygen is constantly  required. 
A  series  of  duplicate  cultures  in  each  lot  of  experiments  were 
sinmltaneously  placed  at  37 °,  32 °  and  25 °  C.,  respectively,  and 
observations made at  regular  intervals  to note whether  any change 
in  number  and  character  of  the  bacilli  had  occurred.  In  no  case 
was I  able to detect, even on microscopic examination,  that the ba- 
cilli in the cultures at 37 ° C. had increased, no matter what medium 
was employed; the transferred  clumps remaining  approximately of 
the  same size and character  for weeks.  It was  noted,  however,  in 
the cultures where the transplanted  bacilli did not grow, that many 
of them after several weeks slowly underwent  a  form of granular 
metamorphosis,  though  the  chromatin  masses  still  held  with  equal 
intensity  their  acid-resisting  property, but all  semblage of bacillary 
forms  had  disappeared.  The  globi  now  appeared  as  spherical 
masses  of  small  red  staining  granules  of varying  sizes  and  some- 
what  resembled cocci.  Even in the  cultures  where the  bacilli  had 
developed into microscopic colonies,  when placed at  37 °  C.  further 
growth  would cease and  these in the course of a  few weeks would 
lose  their  glistening  appearance  and  become  converted  into  dry 
brownish  red  masses.  A  comparative  microscopic  study  of  the 
cultures  from  week  to  week  served  admirably  to  clear  up  any 
doubt  as  to  their  origin.  In  this  way it  was  readily  determined 
by the increase  in size of the  clumps  and  the morphological  differ- 
ences  between the  old  and  new  bacilli  that  the  growth  originated 
in the globi. 
The  question  naturally  arises  in the work on leprosy cultivation 
as  to  the  identity  of  the  acid-fast  bacilli  that  develop  upon  an 
artificial  medium.  Are  they  not  contaminating  organisms  intro- 
duced at the time of inoculation or already present in the medium ? 
Had the transplanted bacilli been single and diffusely scattered over 
the  medium,  it  might  well  lead  to  a  mistake  in  the  origin  of  the 
resulting  artificial  growth,  especially if there had been other bacilli 
of  the  acid-proof  variety  associated,  but  the  fact  that  in  all  nay 
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whose gradual  increase in size could be  followed day by day until 
macroscopic colonies  resulted,  would  hardly  permit  of  any  other 
interpretation.  Again,  there can be  no  question  that the artificial 
cultures  are tubercle bacilli,  which  was  clearly proven by the  fol- 
lowing  control  tests.  Guinea  pigs  and  rabbits  inoculated  subcu- 
taneously and intraperitoneally with quantities of the leprous tissue 
failed to develop or show microscopically any evidence of tubercu- 
losis  or  other  lesions;  besides,  the  cultivated  bacilli,  when  intro- 
duced  into  these  animals,  did  not  grow  or  produce  lesions.  In 
addition, a variety of favorable media, including Dorset's egg mix- 
ture, was used for the isolation of the tubercle bacillus and in each 
instance  remained  negative,  though  the  material  was  especially 
suited  for the direct recovery of the tubercle bacilli  from infected 
tissue,  in that there was an absence of pyogenic or other bacteria, 
as shown by microscopic examination and by various cultural tests. 
Air contamination is hardly probable and can, I  think, be excluded. 
The  fact  that  the acid-fast bacillus  recovered from  four different 
cases  was  identical  would  render  it  extremely improbable  that  it 
was an extraneous contamination. 
Morphology.--As  a  rule,  the  size,  shape  and  character  of  the 
artificially grown leprosy bacillus  corresponds  fairly well  to  those 
in  the  human  tissues.  There  are  differences,  but  they  are  too 
inconstant to permit of the contention that  B.  leprce cultures com- 
pletely  change  in  morphological  features.  In  general,  it  may  be 
stated that the cultivated bacilli are longer, more curved and show 
a  greater  irregularity  in  the  distribution  of  the  chromatin  than 
those  in  the  tissues,  where  they  are  short,  slender  and  slightly 
curved  (Plate  LVII,  Figs.  I,  2).  Again,  in  the  tissues  of  the 
four  cases  studied,  the  individual  organisms  usually  occurred  in 
parallel  rows  ensconsed  in  cells,  each  row  consisting  of  two  or 
more bacilli  arranged one behind the other.  Often the chromatin 
was  more compact at  the extremities, and  consequently there  is  a 
lighter  constricted  appearance  of  the  central  segment.  This 
bipolar  condensation of  the  chromatin was  all  the  more  accentu- 
ated on lengthening the time of decolorization, whereas each row of 
two  or  four bacilli  now appeared to be twice that  number.  Even 
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peared  to  be  solid  rods  were  rendered  segmented  by  prolonging 
the  decolorization.  Other  bacilli,  and  by  far  the  fewer,  showed 
a  distinct tapering of one or both extremities and a  denser massing 
of  the  chromatin  in  a  ragged  manner  along  the  central  portion, 
giving rise to the occurrence of barred spindles with pointed ends. 
The  bacilli  show  no  distinct  granules,  but  what  appear  to  be 
granules are in reality denser collections of the chromatin.  In the 
tissues the individual leprosy bacilli are not distinguishable morpho- 
logically  from the tubercle bacilli,  unless perhaps they are smaller 
and more slender.  The enormous number in the cutaneous nodules 
and  their  characteristic  arrangement  within  cells  is  unusual  for 
tubercle bacilli to say the least, and especially in the skin lesions of 
tuberculosis. 
The  artificial cultures  of leprosy usually present a  delicate  fila- 
mentous  arrangement  of  the  bacilli,  especially  where  they  have 
become accustomed to  a  saprophytic existence; bacilli  are  slightly 
curved and often contain distinct metachromatic granules analogous 
to those met with in certain forms of the diphtheria bacillus  (Plate 
LVIII,  Figs.  6  and 7; Plate LIX,  Figs.  8,  9,  Io).  The rods may 
be  twice  or  three  times  the  length  of  those  in  the  tissues,  al- 
though they do not differ greatly in thickness.  Often in the same 
field all  variations  in  size  and  shape  of  individual bacilli  are met 
with.  Commonly they describe a  slender curve with tapering ex- 
tremities.  All  forms occur from solidly stained coccoid shapes  to 
slender and slightly curved filaments with numerous chromatic seg- 
ments  and,  occasionally,  metachromatic  granules.  The  morpho- 
logical transformation on the whole is striking, but no more so than 
what  occurs in  other  of  our better  known bacteria,  for  example, 
the  diphtheria  and  tubercle bacillus.  The  slender  metachromatic 
filaments may be regarded as the most common morphological char- 
acter of B.  leprce under artificial cultivation;  at  least this  was  the 
form most commonly met with in my cultures.  Not all the bacilli 
are filiform or contain granules; many are short with pointed ends, 
and the chromatin is equally distributed throughout the body of the 
organism.  This  change in  morphology I  take  for  pleomorphism 
and  I  regard it as a  natural sequence of altered environment, and 
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certain types of the Klebs-Loeffler's bacillus.  These  forms are also 
similar in many respects to some strains of tubercle cultures.  Other 
bacilli grow in slender curved filaments composed of three or more 
chromatin  segments arrange d  with  respect to one another in closely 
parallel  columns  (Plate LIX, Fig.  I I).  Branching  at no time was 
detected in the cultures.  Clear spaces occur in the bacilli,  but they 
are  not  to  be  regarded  as  spores.  Such  spaces  are  the  result  en- 
tirely of the massing of the chromatin.  The great diversity of form 
assumed  by the  leprosy bacillus  when  grown  under  artificial  con- 
ditions  would argue  that  it  is  truly  pleomorphic  and  to be classed 
among  the  higher  bacteria. 
Tinctorial  Properties.--The  staining  reaction  of B.  lepr¢  from 
culture is very much like that of the tubercle bacillus.  It takes the 
stain more readily than  the latter and decolorizes more quickly, but 
the difference is not sufficient as a  means of differentiation.  Some 
observers  who claim  to  have  cultivated  B.  leprce state  that  in  cul- 
tures the bacilli lose the power to retain the stain after the ordinary 
treatment  with  weak  acids,  etc.;  in  other  words,  the  artificially 
grown  organism  is no longer  acid-fast.  I  have never been able to 
detect the slightest difference in respect to "acid-fastness"  between 
the bacilli leading a  saprophytic life and those in the human tissues. 
The  stained  bacilli  from  cultures  are,  if  anything,  more  resistant 
to  decolorizing  fluids,  owing  to  an  apparently  greater  amount  of 
fatty  deposit  or  capsule  about  them.  My  cultures  on  artificial 
medium  which  are  now  in  the  twelfth  generation  and  more  than 
seven months  out of the  animal  body show no change  whatever in 
respect to their ability to retain the stain when treated with Gabbot's 
solution or when treated with any of the more common decolorizing 
agents.  Undoubtedly  the  non-acid  proof  cultures  that  have  been 
described  by  some  observers  are  extraneous  micro6rganisms  and 
not B. leprce.  They do not,  however, resist to the same extent the 
acid  treatment,  as  in  the  case of tubercle  cultures,  any  more  than 
they do in the tissues.  Thirty per cent.  nitric  acid  followed by 95 
per  cent.  alcohol  will  completely  decolorize  the  stained  leprosy 
bacilli  in  the  same  length  of  time  that  tubercle  bacilli  resist  this 
treatment,  but in the case of the ordinary bath in Gabbot's solution 
for two minutes,  after thorough staining in carbol-fuchsin, they are 662  Cultivation  of  the  Leprosy  Bacillus. 
not decolorized; and they resist the treatment with weak acids and 
alcohol  alone  for  an  indefinite  period.  Like  the  better  known 
organisms of the acid-resisting group, the leprosy cultures are posi- 
tive to  Gram's method of staining.  The  chromatin masses in  the 
individual rods  retain more intensely the methyl violet  stain;  with 
the ordinary simple dyes they exhibit  less chromatin segmentation 
and appear more solidly stained throughout. 
ANIMAL  EXPERIMENTS. 
A  variety of animals  was  employed  to determine  the pathogenicity 
and  identity  of  the  cultures  isolated  from  these  cases  of  human 
leprosy,  including  guinea  pigs,  rabbits,  mice  and  rats.  In  each 
case  separate  animals  were  inoculated  intra-peritoneally  and  sub- 
cutaneously  with  heavy  enmlsions  of  bacilli  prepared  from  the 
leprous tissue and from cultures.  In no instance where the culture 
or infected tissue had been used  for the test was there any appre- 
ciable effect following the inoculation that could be attributed to the 
organism in  question,  with the exception of the Japanese  dancing 
mice.  Although many of the animals were kept under observation 
for months, no acid-fast bacilli nor microscopic tissue changes were 
noted  at  autopsy  either  at  the  site  of  inoculation  or  elsewhere  in 
the body. 
On  the  other  hand,  the  dancing  mice  develop  typical  leprous 
lesions in four to eight weeks after subcutaneous or intra-peritoneal 
injection with B. leprce.  Not only were the results positive in  the 
animals where the inoculation was  made with emulsions  from the 
human leprous tissue, but also with the artificial cultures.  So  far 
eight of these mice, seven males and one female, have been used in 
the experiments and all have developed leprosy.  The dosage con- 
sisted  of  .5  cubic centimeter of an  emulsion of the leprous  tissue 
or, in the case of cultures, one colony (one to two millimeters) thor- 
oughly  emulsified  in  .5  cubic centimeter  of  sterile  salt  solution. 
The mice were killed at intervals of four, six, eight and ten weeks. 
It  is  noteworthy,  however,  that  during  this  period  none  of  the 
animals showed the slightest evidence of illness; at all times eating 
and dancing about the cages as usual. 
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not been able to note any difference in degree of infectibility.  Cul- 
tures  many generations  removed  from the parent  stem,  and more 
than  six months under artificial cultivation,  give  rise to  lesions  in 
the Japanese mouse about  as  quickly as the bacilli of the primary 
culture or those of the human tissue. 
The earliest macroscopic change was observed in mice which had 
been inoculated  only  four weeks,  and  in  those  receiving an  intra- 
peritoneal injection.  Here the lesions appear as discrete, glistening, 
white nodules one to  three millinleters  in  size  and  firmly attached 
to the serous surface of the peritoneal organs  (Plate LX, Fig.  I3). 
At this period of the infection there are no demonstrable lesions in 
the viscera, though later  (eight to ten weeks)  they occur dissemi- 
nated throughout the body, the spleen and lymph nodes more espe- 
cially  showing  the  greatest  involvement  (Plate  LX,  Figs.  12, 
15,  16). 
The histopathology of the experimental lesions is identical in its 
appearance  to  human  leprosy.  At  first the  lesions  consist  in  dis- 
crete  loci  of lymphoid and  plasma  cells,  the  latter  predominating 
(Plate  LX,  Fig.  14).  Sections  from the  older nodules  are  com- 
posed  chiefly  of  epithelioid  cells,  fibroblasts  and  multinucleated 
elements, the so-called " lepra-cell "  (Plate LX, Fig. 12).  Acid-fast 
bacilli  are present in  the sections in  enormous numbers and occur 
for the most part within cells.  Even in the earliest change, which 
consists in lymphoid and plasma cell collections, these cells are filled 
with bacilli  (Plate LVII,  Fig.  I ).  Caseation or necrosis does not 
occur, at least in the early nodules.  A full description of the experi- 
mental lesions will appear in a  later communication. 
SUMMARY AND  CONCLUSIONS. 
Pure cultures of an acid-fast bacillus were cultivated upon special 
media from the human tissues in four cases of leprosy.  The nature 
of  the  growth,  morphological  characters  and  tinctorial  properties 
do not differ for any of the cultures and correspond closely to the 
bacilli in the human leprous tubercles. 
That the bacillus of leprosy will multiply and continue to  do so 
indefinitely outside  of the animal  body was  first  demonstrated by 
Clegg who cultivated an acid-fast organism  from leprosy tissue  in 664  Cultivation  of  the  Leprosy  Bacillus. 
the presence of ameba and their symbiotics.  Not only have I  been 
able to  confirm Clegg's  work,  but  in  addition  I  have succeeded in 
growing the bacillus in pure culture and in reproducing the disease 
in  the  Japanese  dancing  mouse,  thereby  establishing  its  identity. 
This  species of animal acquires the infection in  four to  six weeks 
after intraperitoneal or subcutaneous inoculation with either emul- 
sions of fresh leprous tissue or the pure cultures of B. leprw.  Com- 
paratively  few bacilli  are  necessary to  infect the  mouse;  and  the 
mode of inoculation does not seem to make any appreciable differ- 
ence in respect to the nature and time of development of the lesion. 
The experimental lesions are proliferative in character and iden- 
tical with those in the human subject.  Macroscopicallythey appear 
as glistening, white nodules which,  in  the early stages of develop- 
ment, resemble miliary tubercles. 
In  my  experience  neither  the  cultures  nor  the  bacilli  directly 
from the human tissues have shown any evidence of multiplication 
or given rise to lesions when injected into the ordinary laboratory 
animals such as guinea pigs,  rabbits,  gray and white mice and rats, 
although repeated attempts have been made to infect these animals. 
B. leprce will not only multiply but it will colonize on a plain agar 
medium  seeded  with  a  pure  culture  of  encysted  ameba  (Plate 
LVIII, Fig. 5), and upon an agar or banana medium prepared with 
a  I  per  cent.  solution  of  cystein  and  tryptophane.  Colonization 
occurs in the  form of glistening,  white colonies, one to two milli- 
meters in diameter, in from one to two months incubation. 
The bacilli in cultures are at all times acid-fast and differ only in 
morphology from those of the tissues in that they exhibit a greater 
variation  in  the distribution  of the chromatin and  are longer  and 
more distinctly curved. 
To  prove that  the cultures obtained  from the human tissues  of 
these  four  cases  are  leprosy bacilli  and  not  some  other  acid-fast 
species,  the  following  facts  are offered:  (I)the  growth  features 
are distinctive and multiplication takes place only under special con- 
ditions  of temperature and  medium;  (2)  the complete correspon- 
dence in tinctorial properties and similarity in morphology to those 
in the tissues;  (3)  the failure to multiply or produce lesions in the 
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the  production  of  typical  leprous  lesions  in  the  Japanese  dancing 
mouse. 
The successful cultivation of B.  leprce  and the  fact that  the cul- 
tures  retain pathogenic properties  are  of commanding importance 
in  respect  to  a  possible  production  of  an  artificial  imnmne serum 
for combating the infection in man.  Work  along this  interesting 
line is already in progress in our laboratories. 
EXPLANATION  OF  PLATES. 
PLATE LVII. 
FIG.  I.  Colored  drawing  from  microscopic  section  of  experimental  leprosy 
in  the  omentum  of the  Japanese  dancing mouse. 
FIG. 2.  Smear  preparation  from  pure  culture  of  B.  lepr¢  to  illustrate  the 
usual  morphology and  arrangement  of  bacilli under  artificial cultivation. 
P~ATE LVIII. 
FIG. 3-  The development of isolated colonies from the  so-called globi.  Note 
also  in  the  field  two  smaller  bacillary clumps  which  apparently  have  failed  to 
develop. 
FIG. 4.  Leprosy colony  showing a  further  stage  of  development.  Note  the 
spread  of bacilli  from  the  periphery  of the  mass. 
Fro.  5.  Culture of B. leprw growing with cysts of Entameba coll. 
FIGS. 6,  7.  Pure  cultures  of  leprosy  showing  the  characteristic  morphology 
and arrangement of the bacilli. 
PLATE LIX. 
Fins.  8,  9  AND  IO.  Pure  cultures  of leprosy showing the characteristic mor- 
phology and  arrangement  of the  bacilli. 
FIG. ii.  Pure  culture  of B.  leprae presenting  a  curious  ribbon-like  arrange- 
ment  in which the bacilli are  end to  end  in  wavy parallel columns. 
PLATE LX. 
FIG. I2.  Experimental  leprosy  lesion  in  the  mesentery  of  the  Japanese 
dancing mouse.  Note the large lepra cells and  enclosed masses  of bacilli. 
FIG. I3.  Leprosy  tubercle  on  the  surface  of  the  spleen  (Japanese  dancing 
mouse). 
Fla.  14.  Early  leprosy  nodule  in  the  mesentery  (Japanese  dancing mouse). 
FIG. 15.  Section from mesenteric lymph node of the Japanese dancing mouse 
showing  early  leprosy tubercule. 
Fic.  16.  Multiple leprous  tubercles in  the  omentum of the Japanese  dancing 
mouse. 